In patients with knee osteoarthritis (OA), there is a prominent loss in proprioception and kinesthesia sensation compared with control subjects of the same age and gender. Objectives: The aim of this study is the investigation of short-term clinical effects of kinesthesia and balance exercises in patients with knee OA. Methods: This 8-week study was conducted on 66 female patients with knee OA who were randomized into 2 groups. The first group received kinesthesia and balance exercises (such as retrowalking, walking on their toes, leaning to the sides, balance board exercises, minitrampoline exercises, plyometric exercises, and so on) in addition to strengthening exercises. The second group received only strengthening exercises. Results: Statistically significant improvements were observed postexercise for both groups with respect to baseline for WOMAC, SF-36 Form, times for performing activities of daily living, isokinetic quadriceps muscle strength, and proprioceptive sensation levels. In the first group with kinesthesia training, compared with the second group, significantly greater improvements were obtained in all the subparameters that measure functional status (WOMACphysical function value, SF-36 Form ͓physical function, role limitations-physical and vitality-energy or fatigue variables͔, 10 stairs climbing, and 10-m walking times) and in isokinetic muscle strength at high angular velocities (P Ͻ 0.05). The absolute angular error percentage (to assess proprioceptive accuracy) was significantly improved postexercise in both groups. There were no differences between the groups. Conclusions: Additive positive effects of kinesthesia and balance exercises in knee OA have been demonstrated. Used in clinical applications, they should be able to increase the functional capacities of patients. Long-term studies about efficacy and cost-effectivity of these exercises are needed.
T he great increase in the elderly population worldwide is the most important change in the field of public health in the 21st century. It is being estimated that the number of people over the age of 65 will be doubled in the next 20 years. 1 Consequently, osteoarthritis (OA) and similar diseases that are more frequently encountered in advanced years will become much more important from both medical and economic aspects. 2 OA is the most commonly encountered disease of the musculoskeletal system. It is regarded as an important socioeconomic problem because it is one of the foremost disabling conditions and its treatment entails great expenditures.
Factors such as age, family history, obesity, and hypermobility increase susceptibility to OA. In addition to these, local biomechanical factors like congenital anomalies, trauma, and occupational injuries affect the occurrence and localization of OA. 3 Symptomatically, the most commonly affected joint in OA is the knee joint.
The physical disability arising from knee OA prevents the performance of daily life activities and negatively affects life quality. Several factors play roles in the occurrence of physical disability. These include pain, joint movement restriction, muscle weakness, and coordination impairment. 4 The coexistence of knee OA and weakness of the quadriceps group muscles are well known. 5 Muscle strength measurements are important in the follow-up of the disease and the life quality of patients. 6 The isokinetic muscle strength measurement method has various advantages: it allows the examination of a muscle or muscle groups in isolation, kinematic analysis of a movement can be made, and the numeric values obtained can be readily reproduced and compared. 7 Moreover, using this method with measurements at high angular velocities, it is possible to evaluate high-speed and functional contractions dependent on repetitions that are frequently used in daily life. 8, 9 The sensation of proprioception can be defined as the conscious or unconscious perception of the position of extremities in space and being aware of the movement and position of the joints. 10 In patients with knee OA, there is a prominent loss in proprioception compared with control subjects of the same age and gender. 11 It has been demonstrated that impaired proprioception adds to functional insufficiency by generating impairment in walking rhythm, shortening step distance, and a decrease in walking speed and total walking time.
of proprioception. These methods can be grouped into 3 distinct types:
1. Tests evaluating joint position sense: a) reproduction tests-evaluate the subject's performance to reproduce the active and passive knee angles that were determined before. 10 b) Visual analog model method-evaluates the subject's performance to detect knee flexion range in a 2-or 3-dimetional knee model. 13 2. Tests measuring the sensation of kinesthesia: threshold tests: detect threshold of joint displacement after slow (0.3-0.5°/ seconds), passive, and automated knee motion. 14 3. Measurement of hamstring reflex contraction latency; changes in the knee position result with a reflex contraction of the hamstring muscle group that could be measured. 15 Kinesthesia is described as the ability to sense the motion and its direction. The aim of this study is the investigation of short-term clinical effects of kinesthesia and balance exercises that would be added to routine isometric and isotonic strengthening exercises on the functional status, pain, isokinetic muscle strength, and proprioceptive sensation in patients with OA.
PATIENTS AND METHODS
Sixty-six female patients between the ages of 35 and 65 who were diagnosed as having "primary osteoarthritis" according to the criteria of American College of Rheumatology (ACR), 16 who had scores equal to or greater than "7" according to Lequesne Index, 17 and who had radiologically stage I and II bilateral knee OA according to the Kellgren and Lawrence Scale 18 were included in the study. The index of Lequesne is a questionnaire used in the evaluation of pain and functional status in knee OA.
Patients diagnosed as having secondary OA, patients with active synovitis, and patients who had serious knee trauma, surgical intervention, or intraarticular knee injection in the last 6 months were not included in the study.
Patients who were included in the study and met inclusion criteria were randomized into 2 groups using the oneto-one randomization method by allocating one patient to the study group and the other patient to the control group one by one according to their order of application to the outpatient clinic. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 19 and the Medical Outcomes Study Short Form Health Survey (SF-36) 20 were used in the assessment of the patients before and after the 8-week exercise program. Isokinetic muscle strength of the quadriceps and hamstring muscles, 10-m walking time, 10 stairs climbing time, and the sensation of proprioception in the knee were measured in each patient. The exercises were applied by the same physiotherapist. For the purpose of blinding, the assessments were made by a physician who did not know to which group the patients belonged.
Paracetamol was given as an escape medicine for pain control. It was asked to note the dose of paracetamol taken.
All the patients participating in the study were informed about the study and informed written consent was obtained from each patient. Approval of the local ethical committee was also obtained.
Data Analysis
The 11.0 version of the Statistical Package for Social Science (SPSS) for Windows computer program was used for statistical analysis. The Student t-test was used to evaluate dependent and independent parametric variables, whereas the Mann-Whitney U test was used for nonparametric variables; the level of significance was accepted as P Ͻ 0.05.
Measurement of Proprioception
In this study, the passive-active joint position reproduction method in the sitting position was used. The validity and repeatability of this method in the assessment of proprioception has been demonstrated by Beynnon et al. 21 With this aim, the Biodex System 3 Pro Multijoint System isokinetic dynamometer (Biodex Medical Inc., Shirley, NY) was used. The patients were asked to actively repeat the passively positioned knee flexion angles of 20°, 45°, 10°, 60°, 25°, 50°, 5°, 55°, 15°, and 40°. This procedure was repeated 3 times at 1-day intervals and the averages for every angle were obtained. Care was taken to carry out the testing in a quiet environment at constant temperature and the eyes of the subjects were kept closed.
An "absolute angular error" value was obtained for each angle. After this, first the averages (average absolute angular error) and then the average error percentages (average absolute angular error percentage) of the "absolute angular error" values obtained for each of the 10 separate angles were calculated.
Isokinetic Measurement
Using the Biodex System 3 Pro Multijoint System in both extremities, the maximal torque (peak torque) values of quadriceps and hamstring muscle groups were measured at angular velocities of 60°/s, 180°/s, and 240°/s. Peak torque measurement is the most valid method in the evaluation of muscle strength capacity. 22 Peak torque/body weight (N-m/ kg) ratio was used in the evaluations. During isokinetic muscle strength test, no medication was taken.
Exercise Program
The first group (kinesthesia group) received kinesthesia, balance, and strengthening exercises and the second group (strengthening group) received only strengthening exercises. Patients in both groups were informed about knee OA and protective recommendations for the knee were made.
The exercises were done 3 days a week in groups of 5 people in a clinical setting under the supervision of a physiotherapist. The total duration of the exercises was determined as 8 weeks.
The kinesthesia and balance exercises regimens are given in Table 1 and Figures 1 through 5. Isometric and isotonic strengthening exercises applied to quadriceps and hamstring muscles are shown in Table 2 . Isometric exercises were applied with 6-second contractions with 8 repetitions and a rest period of 2 seconds. Isotonic exercises were started from the third week and the maximum weight that can be lifted 10 times (10-repetition maximum ϭ 10 RM) was determined. The exercises were applied as 10 repetitions with half of this weight, 10 repetitions with three fourths of this weight, and 10 repetitions with the whole 10 RM. 10 RM was determined again every week.
RESULTS
Of the 66 patients included in the study, 6 patients could not complete the examination because it was difficult for them to come to the clinic for exercises. Among these patients; 3 were from the first group, 3 were from the second group, and all of the patients dropped out from the study in the first 3 weeks. There were no adverse effects in patients participating in the study. The statistical assessments were made on the 60 patients who completed the exercise program. Patient compliance to the clinical exercise program was good. 
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Mean missed visits during 8 weeks and 24 visits were 4 and 6 in the first and second weeks, respectively. There were no significant differences among the groups with respect to age, body weight, body mass index (BMI), or education level (P Ͼ 0.05). Of the patients participating in the study, 59% were primary and secondary school graduates, 18% were high school graduates, and 18% were university graduates; 70% were housewives and 30% were working women. There were no significant differences between the educational levels of the patients in the 2 groups (P Ͼ 0.05). Furthermore, no correlation has been found between the educational level and the evaluated research parameters. Before exercises, there were no significant differences among the groups with respect to WOMAC, SF-36 Forms, and walking times (P Ͼ 0.05) ( Table 3) .
In both exercise groups, statistically significant improvements were obtained in WOMAC, SF-36 Forms, 10-meter walking time, 10 stairs climbing time, in isokinetic muscle strength measurements of the quadriceps muscle, and in proprioceptive sense measurement (ie, in all the parameters used in the investigation) at postexercise compared with preexercise (P Ͻ 0.05).
On comparison of the groups with each other, all WOMAC scores were found to be lower in the kinesthesia group compared with the strengthening group at postexercise. Yet, this difference was statistically significant only for the WOMAC-physical function value (P Ͻ 0.05) ( Table 4) .
On comparison of the results of the SF-36 Form at postexercise between the kinesthesia and strengthening groups, the physical function, role limitations (physical) and vitality (energy or fatigue) variables were observed to be significantly higher in the kinesthesia group (P Ͻ 0.05) ( Table 4) .
When 10 stairs climbing time and 10-m walking time were assessed, the kinesthesia group had statistically significantly lower values in both of these 2 parameters compared with the strengthening group at postexercise (P Ͻ 0.05) ( Table 4 ).
In the assessment of isokinetic muscle strength in the kinesthesia group, no significant improvement was obtained at an angular velocity of 60°/s in the left extremity, but significant increases were obtained at angular velocities of 180°/s and 240°/s in both extremities. In contrast with this, in the strengthening group, no muscle strength difference was obtained at an angular velocity of 240°/s in both extremities, but statistically significant increases were obtained at angular velocities of 60°/s and 180°/s ( Table 5) .
The "average absolute angular error percentage" value was used to investigate the distribution of the sensation of proprioception according to groups. This value decreased statistically significantly in both extremities in both kinesthesia and strengthening groups at postexercise compared with preexercise. There was no statistically significant difference between the 2 groups (Fig. 6) . During the study, 5 patients used paracetamol, not more than 500 mg daily. The 2 groups were not significantly different from each other regarding paracetamol use (P Ͼ 0.05).
DISCUSSION
In this study, we have investigated the effects of balance and kinesthesia exercises on knee OA. This is a special exercise program aimed at restoring motor control in the lower extremities to improve static positioning, voluntary movement execution, and responsiveness to stress.
14 For this purpose, we have measured the changes in functional status, isokinetic muscle strength, and proprioceptive sense accuracy. Statistically significant positive changes were detected in the kinesthesia group compared with the strengthening group in parameters like WOMAC-physical function, SF-36 -physical function, SF-36 -role limitations (physical), SF-36 -vitality energy or fatigue, time to climb 10 stairs, and time to walk 10 meters. Among all the parameters investigated, these parameters were the most suitable ones for the assessment of the patients' functional status. The reason for this could be that the exercises applied to those in the kinesthesia group increased the coordination between muscle groups and the response to sensorial information. However, the number of patients and follow-up period were limited and the change of these findings over a long period is not known. In the kinesthesia group, parameters of functional status and motor control improved better; this might be the result of the improvement of dynamic stabilization by the synergistic and synchronous working of the muscle groups. Similarly, repetitive movements that are used in the daily life exercises might have contributed to this improvement. Significant peak torque increases were obtained at postexercise for isokinetic muscle strength values in the kinesthesia group at high angular velocities (240°/s), whereas no difference was detected in the strengthening group at these high angular velocities. Submaximal contractions are detected in many activities in routine daily life as repetitive (walking, running, and so on) or nonrepetitive (standing, sitting, and so on) activities. Repetitive activities contain faster contractions; for example, angular velocity in the knee joint during walking is 233°/s according to isokinetic principles; gains obtained at high angular velocities will be closely associated with the functional status of the patient. 8, 9 Dynamic muscular stabilization is increased by balance and kinesthesia exercises.
Exercise regimens containing repetitive movements increase the ability of the person's control over joint movements in all positions. Dynamic stability may help to control abnormal joint translation that occurs during daily movements and may provide increased motor control through a reflex route.
No difference was found between the groups with respect to proprioceptive sense accuracy. However, 75% increase in proprioceptive sense accuracy was detected in both exercise groups at postexercise compared with preexercise. These results showed that proprioception increased in conjunction with the increase in muscle power.
Theoretically, it could be predicted that balance and kinesthesia exercises affect proprioception more than standard strengthening exercises. There may be 2 reasons for the absence of any difference between the 2 groups. First, the exercise program applied might not have stimulated the proprioceptors and hence could not activate the proprioceptive system sufficiently. To compensate for this deficiency, combining new components into the exercise program may be suggested. A second reason may be that the proprioception measurement method was not sensitive enough. It has been demonstrated that reproduction tests done by passive-active and active-active methods in standing and sitting positions are valid and repeatable tests in the measurement of proprioception. 21 However, current studies show that different proprioception measurement tests do not confirm each other. 23 Larger studies are needed to measure loss of proprioceptive sense that is frequently associated with OA. Furthermore, the effects of proprioceptive sensory system on daily life activities in patients with OA are not known completely. Although they showed that impaired proprioceptive sense had effects on functional parameters such as impairment in walking rhythm, shortened distance of step, and decrease in gait speed, and total duration of walking, 24 -26 in their study, Skinner et al have not detected a one-to-one correlation between proprioception tests and Larson knee point that is a measure of pain, function, movement lines, and structural abnormalities. 27 As a joint-bearing body weight, the knee joint is vulnerable for traumas during daily life activities. To protect the joint from these effects, maintenance of perfect joint stability is certainly required. Proprioceptive information is an important mediator of timely and appropriate voluntary and involuntary movements. 12 The association between OA and loss of proprioceptive sense has been demonstrated. 11, 12, 28 Although the source of the proprioceptive deficit is not well known yet, it is known that it is not a local result of the disease. 11 Lund et al showed that in patients with unilateral knee OA, proprioceptive sense of both knees were impaired equally and that this defect was present also in elbow joints. These results supported that "impaired proprioception is general problem and not a local phenomenon in knee OA patients." 29 As a consequence of the insufficient working of the proprioceptive system, neuromuscular control cannot be maintained, protective muscle activities cannot be performed, and joint stabilization cannot be provided. 14 In this condition, the joint is vulnerable to external traumatic stimulations.
The trauma the joint structures are exposed to will cause structural impairment of the mechanoreceptors that are the source of proprioception and thus proprioception will be more impaired. 10 O'Connor et al have conducted several FIGURE 6. "Average angular error percent" value that is inversely proportional to proprioceptive sensation level in the right and the left extremities before and after exercise. Statistically significant decreases have been observed in both groups at postexercise compared with preexercise (P Ͻ 0.05). However, no significant difference has been detected between the groups.
studies on a dog model, and these have provided valuable information on the physiological significance of sensory innervation that is the source of proprioceptive sensation in the pathogenesis of OA. 30 There are not many studies that have investigated the effects of similar functional exercises on life quality and proprioception in people with OA. Hurley and Scott have recorded significant advances in Lequesne Index and in quadriceps muscle strength with an exercise protocol that combines progressive, resistant static bicycle exercises with isometric and isotonic strengthening components, and some functional exercises (like sitting-standing, standing on one foot, and walking); however, they have not been able to detect a statistically significant increase in proprioceptive sensation accuracy. 31 Irrgang et al have reported that open and closed chain exercises could be used to increase proprioceptive sensation. 32 Messier et al have conducted a FAST study and have demonstrated that postural balance is significantly increased in patients with knee OA by long-term exercises with aerobic and weight components. 33 Topp et al have shown that dynamic exercises done in functional joint angles in patients with knee OA have increased functional capability and decreased knee pain. 34 At present, exercises used in OA rehabilitation generally focus on muscle strength, endurance, and joint flexibility. However, it is thought that this type of classic exercise program cannot yield optimal functional capacity levels. Exercises should also meet the needs of daily living activities (for example, getting in a car, sitting and standing from the toilet, wearing pants, and so on) and should increase neuromuscular control.
This study has demonstrated that addition of kinesthesia and balance exercises that help neuromuscular restoration to standard strengthening exercises provides dynamic muscle strength increase with significant recoveries in the functional status of the patients. Nevertheless, more studies with longterm follow-up and using different methods of proprioceptive accuracy are needed. Cost-effectiveness of adding kinesthesia and balance exercises to routine exercise regimes for patients with knee OA should be investigated. Ultimately, it might be feasible to include these exercises to the management protocols.
